A new series of N-[2,4-dioxo-6-d-ribitylamino-1,2,3,4-tetrahydropyrimidin-5-yl]oxalamic acid derivatives as inhibitors of lumazine synthase and riboflavin synthase: design, synthesis, biochemical evaluation, crystallography, and mechanistic implications.
The penultimate step in the biosynthesis of riboflavin is catalyzed by lumazine synthase. Three metabolically stable analogues of the hypothetical intermediate proposed to arise after phosphate elimination in the lumazine synthase-catalyzed reaction were synthesized and evaluated as lumazine synthase inhibitors. All three intermediate analogues were inhibitors of Mycobacterium tuberculosis lumazine synthase, Bacillus subtilis lumazine synthase, and Schizosaccharomyces pombe lumazine synthase, while one of them proved to be an extremely potent inhibitor of Escherichia coli riboflavin synthase with a Ki of 1.3 nM. The crystal structure of M. tuberculosis lumazine synthase in complex with one of the inhibitors provides a model of the conformation of the intermediate occurring immediately after phosphate elimination, supporting a mechanism in which phosphate elimination occurs before a conformational change of the Schiff base intermediate toward a cyclic structure.